Recently, Belle Collaboration reported a new exotic state Y (4620) with mass at 4625.9 MeV in the positronium annihilation process. Inspired by experiment, we study the tetraquark system cssc with quantum numbers J P = 1 − in the framework of chiral constituent quark model with the help of Gaussian expansion method. Two structures, diquark-antidiquark and meson-meson, with all possible color and spin configurations are considered. The result shows that a resonance state of D * s Ds1(2536) can be formed, its mass is close to the experimental value of Y (4620). It is possible a good candidate of the newly found state Y (4620).
I. INTRODUCTION
Since the state X(3872) first observed by the Belle collaboration [1] , a lot of new hadrons have been reported subsequently the other collaborations [2] [3] [4] [5] [6] [7] [8] . Most of them cannot be fitted well in the conventional picture of meson and baryon, which are called exotic states. In fact. the exotic states can be divided into two kinds: the first kind is the states with exotic quantum numbers, and the second one is the states with normal quantum numbers but their properties cannot be described by the conventional quark models. In the picture of quark model, the meson is made up of quark-antiquark and baryon is made up of three quarks. With the accumulation of experimental data on exotic states, people believe that these exotic states can provide much essential information on low energy QCD and help us to establish the effective method to describe all hadrons.
Very recently, the Belle Collaboration observed a new structure, named Y (4626), in the D s D s1 (2536) invariant mass spectrum with 5.9σ significance [9] . The mass and width measured is M = 4625.9 +6.2 −6.0 ± 0.4 MeV and Γ = 49.8 +13. 9 −11.5 ± 4.0 MeV, respectively. Its decay mode D s D s1 (2536) indicates that Y (4626) is consist of charm and strange quarks. The Belle Collaboration also suggested that the quantum numbers of the state is J P = 1 − . Because the mass is close to the threshold of D s + D s1 (2536), the possible assignment is cssc four-quark state.
There were lots of researches about cssc before [10] [11] [12] [13] [14] [15] [16] . For example, Chen et al. analyzed the tetraquark states cssc with J P = 1 + (in S-wave) and J P = 0 + (in D-wave) within within the framework of QCD sum rules [10] . Deng et al. used color flux-tube model to investigate systematically the hidden charmed states observed in recent years including J P = 0 + and J P = 1 + cssc system [11] . Recently, in the framework of the chiral quark model * Electronic address: 181001003@stu.njnu.edu.cn † Electronic address: jlping@njnu.edu.cn(Corresponding author)
Yang et al. investigated the four-quark system cssc with quantum numbers 1 + and 0 + , and described the X(4274) and X(4350) states in diquark-antidiquark picture [12] . So far, most of the previous work only the four-quark states with negative parity, the four-quark states with J P = 1 − is nevertheless untouched. In this paper, a constituent quark model is employed to systematically investigate the cssc states with J P = 1 − with the help of gaussian expansion method. In the calculation, all of possible color and spin configurations are considered. In addition, two structures, meson-meson and diquark-antidiquark and their mixing, are also taken into account.
The paper is organized as follows. In Sect. II, the chiral quark model and the wave function of the cssc with quantum numbers J P C = 1 −+ and 1 −− are presented. The numerical results are given in Sec. III. The last section is devoted to the summary of the present work.
II. CHIRAL QUARK MODEL AND WAVE FUNCTION OF cssc SYSTEM
A. Chiral quark model The chiral quark model has been applied successfully in describing the hadron spectra and hadron-hadron interactions. The details of the model can be found in Ref. [17] [18] [19] [20] [21] [22] . Here only the Hamiltonian of the chiral quark model for four-quark system is shown, 
where m i is the constituent masse of i-th quark (antiquark), and µ is the reduced masse of two interacting quarks or quark-clusters.
V C is the confining potential, mimics the "confinement" property of QCD,
The second potential V G is one-gluon exchange interaction reflecting the "asymptotic freedom" property of QCD.
, σ are the SU (2) Pauli matrices; λ c are SU (3) color Gell-Mann matrices, r 0 (µ ij ) = r0 µij and α s is an effective scaledependent running coupling,
The third potential V χ is Goldstone boson exchange, coming from "chiral symmetry spontaneous breaking" of QCD in the low-energy region,
λ are SU (3) flavor Gell-Mann matrices, m χ are the masses of Goldstone bosons, Λ χ are the cut-offs, g 2 ch /4π is the Goldstone-quark coupling constant.
All the parameters are determined by fitting the meson spectrum, from light to heavy, taking into account 
28.17 Table II . Because the spin-orbit interaction is not considered here, we obtained a smaller mass for the state D s1 (2536).
B. The wave function of cssc system
Following the experiment suggestion, two structures, meson-meson cs-sc and diquark-antidiquark cs-cs are considered in the present calculation. The wave functions of every structure all consists of four parts: orbital, spin, flavor and color. The wave function of each part is constructed in two steps, first write down the two-body wave functions, then coupling two sub-clusters wave functions to form the four-body one. Because there is no iden-tical particles in the system, the total wave function of the system is the direct product of orbital (|R i ), spin (|S j ), color (|C k ) and flavor (|F n ) wave functions with necessary coupling,
1. orbital wave function
The orbital wave function of the four-quark system consists of two sub-cluster orbital wave function and the relative motion wave function between two subclusters (1,3 denote quarks and 2,4 denote antiquarks),
where the bracket "[ ]" indicates orbital angular momentum coupling, and L is the total orbital angular momentum which comes from the coupling of L r , orbital angular momentum of relative motion, and l 12 , which coupled by l 1 "and l 2 , sub-cluster orbital angular momenta. |R 1 donates the orbital wave functions of meson-meson structure, and |R 2 donates the wave functions of diquarkantidiquark structure. In GEM, the radial part of the orbital wave function is expanded by a set of Gaussians:
where N nl are normalization constants,
c n are the variational parameters, which are determined dynamically. The Gaussian size parameters are chosen according to the following geometric progression ν n = 1 r 2 n , r n = r 1 a n−1 , a = r nmax r 1
This procedure enables optimization of the using of Gaussians, as small as possible Gaussians are used.
spin wave function
Because of no difference between spin of quark and antiquark, the meson-meson structure has the same spin wave function as the diquark-antidiquark structure. The spin wave functions of the sub-cluster are shown below.
Coupling the spin wave functions of two sub-clusters by Clebsch-Gordan coefficients, total spin wave function can be written below,
the total spin wave function is denoted by χ σi S , i is the index of the functions, the S is the total spin of the system.
flavor wave function
We have two flavor wave functions of the system, |F 1 = cssc |F 2 = cscs |F 1 is for meson-meson structure, and |F 2 is for diquarkantidiquark structure.
color wave function
The colorless tetraquark system has four color wave functions, two for meson-meson structure, 1 ⊗ 1 (C 1 ), 8 ⊗ 8 (C 2 ), and two for diquark-antidiquark structure, 3 ⊗ 3 (C 3 ) and 6 ⊗6 (C 4 ). 
[sc] 6,1 [sc]6 ,1
total wave function
The total wave functions are obtained by the direct product of wave functions of orbital, spin, color and flavor wave functions. Because we are interested in the states with quantum number J P = 1 − , there must be orbital angular momentum excitation. The experiment suggests that the excited angular quantum number should exist in the one sub-cluster. So we follow the suggestion, set l 1 = 1, l 2 = 0 or l 1 = 0, l 2 = 1. All the possible channels with the physical contents are listed in the table III. The subscript"8" denotes color octet subcluster, the first and second subscripts of diquark/antidiquark are the color representation and spin of subcluster, 3,3, 6 and6 denote color triplet, anti-triplet, sextet and anti-sextet, 0 and 1 are spin.
III. RESULTS
In this section, we present the numerical results of our calculation, which are shown in table IV. In order to minimize the system errors from the calculation ofstates, the binding energy is used, which is defined as 2 + E B . M theo. and M exp. is the theoretical mass and experimental mass of ameson, E is the calculated energy of four-quark state. As a preliminary calculation, the spin-orbit interaction is not considered in the present calculation. So the states can be classified according to the total spin S of the four-quark system.
First the single channel calculation is performed. We found that all the energies obtained are larger than the corresponding threshold, the sum of the masses of two involved mesons. The same threshold is used for hiddencolor channels and diquark-antidiquark states. For the states with S = 0, the channel |R 1 S 1 C 1 F 1 has the lowest binding energy, 1.3 MeV with respect to the threshold of D s D s1 . If a lager separation between two subclusters 
is used, the binding energy will go to 0. In S = 1 section, the channel with the lowest bind energy is D s D 1s (2460), the finite space calculation obtains 1.3 MeV, higher than the threshold. We have the same results for S = 2 section.
Then we do a channel coupling calculation. For S = 0 and S = 1 states, full channel coupling calculations still obtain positive binding energies. However the full channel coupling calculation in S = 2 section obtain a negative binding energy, −9.5 MeV with respect to the threshold of D * s D s1 (2536). The predicted mass of the state is 4638.2 MeV, which is close to the experimental mass of Y (4620). So it is a possible candidate of the newly observed state Y (4620). We also calculated the separations between quarks/antiquarks, they are all between 0.6 ∼ 1.0 fm, so the structure is stereo and a little compact.
IV. SUMMARY
In the framework of the chiral constituent quark model, we study systematically J P = 1 − states. Two different structures, cs-sc meson-meson structure and cs-cs diquark-antidiquark, with all possible color, spin configurations are taken into account. In the absence of spinorbit interaction, we found that there is no bound state for S = 0 and S = 1 states. A bound state is obtained in the S = 2 section when the mixing of two structures is considered. The mass of the state is 4638.2 MeV, which is close to the experimental mass of Y (4620). So in this preliminary calculation, Y (4620) can be taken as cscc state with J P = 1 − . When the spin-orbit and tensor in-teractions are included, all the states with S = 0, S = 1 and S = 2 will be mixed up, the obtained state will decay strongly to D s D s1 or D * s D s1 , etc., the state will become a resonance state.
Clearly, further calculation is expected. Whether the state can survive after invoking spin-orbit and tensor interactions or more channels, for example cc-ss channels are included? If the state survives, the decay width has to be calculated to check the compatibility with the experimental data. Are there other explanations of the state Y (4620)? These are our future work.
